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SYNOPSIS 


The  objective  of  this  program  is  to  evaluate  the  breakdown 
characteristics  of  selected  microwave  and  VHF  transmitting  antennas  under 
both  ambient  (cold  air)  and  simulated  reentry  (plasma  sheath  including 
ablation  effects)  conditions  at  high  altitude.  The  purpose  of  the  program 
is  to  provide  experimental  data  which  will  aid  in  selection  of  reentry 
jammers.  The  power -handling  capabilities,  the  pattern  of  the  radiated 
fields,  and  the  input  impedance  of  selected  antennas  which  are  compatible 
with  the  geometry  of  a  conical  reentry  vehicle  are  to  be  determined. 

The  modifications  of  the  basic  test  cone  model  to  accommodate 
additional  plasma  diagnostic  instrumentation  are  described  and  the  results 
of  measurements  of  the  radiation  pattern  of  the  X-band  slot  antenna/model 
configuration  under  free-space  and  anechoic  chamber  conditions  are  pre¬ 
sented.  Tests  of  the  microwave  and  diagnostic  instrumentation  in  the 
plasma  tunnel  are  described  and  the  design/fabrication  status  of  the  VHF 
antenna  electrical  instrumentation  is  reported. 


3.11 


AUTHORS ' 
ACKNOWLEDGEMENT 


The  authors  wish  to  acknowledge  many  helpful  discussions  with: 
D.L.  Curtis,  G.  Fonda-Bonardi ,  Dr.  G.R,  Seemann  and  Dr.  J.A.  Thornton 
during  the  course  of  this  research. 


IV 


TABLE  OF  CONTENTS 

1.  INTRODUCTION  1 

2.  BASIC  TEST  STRUCTURE  3 

3.  RADIATION  PATTERN  MEASUREMENTS  8 

4.  PRELIMINARY  TESTS  IN  PLASMA  TUNNEL  16 

4.1  Basic  Test  Structure  Tests  16 

4.2  Microwave  Instrumentation  Tests  21 

5.  VHF  ANTENNA  TESTING  26 

5.1  VHF  Antenna  Selection  26 

5.2  VHF  Electrical  Instrumentation  26 

6.  THIRD  QUARTER  PLANNED  ACTIVITIES  28 

7 .  REFERENCES  29 


V 


LIST  OF  ILLUSTRATIONS 


Figure  1.  Photograph  of  Modified  Test  Model  Assembly  4 

Figure  2.  Close-Up  of  Slot  Antenna  and  Nc"se  Langmuir  Probe  5 


Figure  3.  Schematic  of  Test  Cone  6 
Figure  4.  Antenna  Sensor  Traversing  Mechanism  g 
Figure  5.  Side  View  of  Tent.  Chamber  and  Model  Layout  10 
Figure  6.  Test  Model  in  Anechoic  Chamber  11 
Figure  7.  E-Plane  Radiation  Pattern  of  X-Band  Slot  13 
Figure  8.  H-Plane  Radiation  Pattern  of  X-Band  Slot  14 
Figure  9.  Plasma  Flow  over  Cone  17 


Figure  10.  Plasma  Flow  over  Cone  with  Air  Injection  at 

Stagnation  Point  19 

Figure  11.  Cold  Air  Breakdown  Characteristics  of  X-Band  Slots  23 

Figure  12.  Power  Reflection  Coefficient  of  Slot  Under  Breakdown 

Conditions  oc 


1 


1.  INTRODUCTION 


This  report  describes  the  work  performed  by  the  Space  Sciences 
Laboratories  of  Litton  Syrtems,  Inc.,  during  the  second  quarter  of 
Contract  F19628-68-C-0001  for  the  Air  Force  Cambridge  Research  Laborato¬ 
ries  under  ARPA  Project  DEFENDER,  ARPA  Order  No.  693. 

The  objective  of  this  program  is  to  evaluate  the  breakdown  character¬ 
istics  of  selected  microwave  and  VHF  transmitting  antennas  under  both 
ambient  (cold  air)  and  simulated  reentry  (plasma  sheath  including  ablation 
effects)  conditions  at  high  altitude.  The  purpose  of  the  program  is  to 
provide  experimental  data  which  will  aid  in  selection  of  reentry  jammers. 
The  power-handling  capabilities,  the  pattern  of  the  radiated  fields,  and 
the  input  impedance  of  selected  antennas  which  are  compatible  with  the 
geometry  of  a  conical  reentry  vehicle  are  b<»ing  studied. 

No  single  experimental  facility  can  properly  simulate  the  combina¬ 
tion  of  fluid  dynamic  and  electromagnetic  phenomena  that  are  relevant  to 
the  problems  of  reentry  jammers.1  The  approach  taken  in  the  present  pro¬ 
gram  utilizes  the  steady-state  operation  and  large  size  flow  field 
afforded  by  the  Litton  electrodeless  MHD  accelerator  to  make  detailed 
measurements  of  antenna  breakdown  characteristics.  Although  reentry  con¬ 
ditions  cannot  be  duplicated  completely,  it  is  possible  to  determine  the 
antenna  radiation  characteristics  as  affected  by  a  known  plasma  environ¬ 
ment;  i.e.  one  which  can  be  investigated  by  detailed  diagnostics. 

During  the  present  reporting  period,  the  technical  effort  was  con¬ 
centrated  on:  modifying  the  basic  test  cone  model  to  accommodate  addi¬ 
tional  plasma  diagnostic  instrumentation;  measurements  of  the  radiation 


2 


pattern  of  the  X-band  slot  antenna/model  configuration  under  free-space 
and  anechoic  chamber  conditions;  testing  of  the  microwave  and  diagnostic 
instrumentation  in  the  plasma  tunnel;  and  preparation  of  the  VHF  antenna 
electrical  instrumentation. 
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2.  BASIC  TEST  STRUCTURE 


The  approach  taken  in  the  present  program  is  to  perform  the  antenna 
experiments  in  a  well-known  plasma  environment.  Accordingly,  the  measure¬ 
ment  of  the  plasma  parameters  associated  with  the  boundary  layer  over  the 
test  cone  constitutes  an  important  facet  of  the  program. 

The  presence  of  diagnostics  for  probing  the  spatial  variations  of 
the  boundary  layer  plasma  will  perturb  the  measurement  of  antenna  radia¬ 
tion  patterns.  Accordingly,  it  is  necessary  to  obtain  the  plasma  prop¬ 
erties  separately  from  the  antenna  data.  This  requires  that  the  plasma 
flow  over  the  test  cone  must  be  reproducible  and  the  index  of  reproduc¬ 
ibility  must  rely  upon  diagnostics  located  on  the  cone  surface. 

The  basic  test  model  consists  of  a  6° 20'  semi vertex  angle  cone 
approximately  36  inches  long  connected  to  a  hollow  cylindrical  afterbody. 
This  model,  fabricated  during  the  first  quarter,  was  modified  to  accom¬ 
modate  additional  plasma  diagnostic  instrumentation.  The  additional  diag¬ 
nostics  consist  of  an  impact  pressure  port  and  a  double  Langmuir  (electro¬ 
static)  probe  located  at  the  nose  of  the  cone.  The  choice  of  these  two 

r  1  2 

particular  sensors  is  based  on  previous  measurements  ’  which  indicate 
that  the  impact  pressure  and  the  electron  density  are  quite  sensitive 
indices  of  the  plasma  flow  conditions.  The  modified  test  model  is  shown 
pictorially  in  Figures  1  and  2  and  schematically  in  Figure  3. 

The  diagnostic  instrumentation  located  on  the  cone  consists  of: 
three  double  electrostatic  probes;  four  static  pressure  ports;  an  impact 
pressure  port,  and  a  thermocouple  for  surface  temperature  measurements. 
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Figure  1.  Photograph  of  Modified  Test  Model  Assembly 


Figure  3.  Schematic  of  Test  Cone 
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A  relatively  simple  interpretation  of  the  Langmuir  probe  data  in 
terms  of  electron  density  and  electron  temperature  requires  that  certain 
relations  between  the  probe  electrode  size,  the  mean  free  path,  and  the 
Debye  length  be  satisfied.  A  fixed  geometry  probe  (of  reasonable  dimen¬ 
sions)  cannot  satisfy  these  relations  when  used  over  a  wide  range  of 
electron  densities  (as  in  the  present  program).  The  choice  of  probe  size 
and  spacing  was  therefore  primarily  dictated  by  considerations  of  rugged¬ 
ness  and  ease  of  fabrication. 

The  Langmuir  probe  located  at  the  nose  of  the  cone  has  cylindrical 
tungsten  electrodes  (0.040  inches  in  diameter  and  0.65  inches  long)  with 
0.5  inch  spacing.  The  two  Langmuir  probes  located  near  the  rear  of  the 
cone  are  used  to  indicate  the  azimuthal  symmetry  of  the  electron  density 
distribution.  These  probes  which  were  also  included  so  as  to  provide 
indices  of  the  flow  conditions,  rather  than  as  primary  diagnostic  infor¬ 
mation,  have  cylindrical  tungsten  electrodes  0.040  inches  in  diameter  and 
0.25  inches  long.  The  electrodes  are  spaced  0.125  inches  apart  by  a  boron 
nitride  insulator.  The  two  probes  are  located  at  the  same  3xial  station 
but  180°  apart  in  azimuth  on  the  cone  surface. 

The  impact  pressure  sensing  hole  is  0.063  inches  in  diameter  and  is 
located  between  the  electrodes  of  the  nose  Langmuir  prctoe  as  indicated 
in  Figure  3.  The  impact  pressure  is  sensed  by  a  Veeco  DV  4  AM  thermo¬ 
couple  gauge. 

Four  surface  pressure  ports  are  used  to  measure  axial  and  azimuthal 
variations  in  the  static  pressure  at  the  cone  surface.  The  pressures  are 
sensed  by  Veeco  DV  1  AM  thermocouple  gauges.  The  cone  surface  temperature 
is  determined  by  an  iron-constantan  thermocouple  in  a  0.040  inch  diameter 
stainless  steel  jacket  which  in  turn  is  press-fitted  into  a  brass  plug 
threaded  into  the  cone  wall. 

Figure  3  shows  schematically  the  location  of  the  various  sensors  on 


the  cone  surface. 
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3.  RADIATION  PATTERN  MEASUREMENTS 


Measurements  were  made  of  the  radiation  patterns  of  a  Teflon-filled 
X-band  slot  with  an  aperture  measuring  0.4  by  0.9  inch,  located  on  the 
nose  cone.  The  receiver  was  a  DBG-520  horn  mounted  on  a  traversing 
mechanism  as  shown  in  Figure  4.  The  traversing  mechanism,  which  will  be 
exposed  to  relatively  high  temperatures,  was  constructed  of  non-metallic 
materials  such  as  glass-loaded  Teflon  and  phenolics  to  minimize  pertur¬ 
bation  of  the  radiation  field.  The  metallic  drive  motors  and  chains  and 
sprockets  are  located  at  the  top  of  the  vacuum  chamber  behind  the  anechoic 
material  as  indicated  in  Figure  5. 

The  receiving  horn  is  located  in  the  far  field  of  the  slot  antenna. 

A  thermistor  is  attached  to  the  horn  and  protected  from  low  pressure 
effects^  by  a  vacuum  seal.  The  receiver  power  is  read  directly  on  a 
Hewlett-Packard  430C  power  meter.  An  earlier  plain  to  make  a  transition 
at  the  horn  from  waveguide  to  coaxial  cable  was  found  to  suffer  from 
intolerable  reduction  in  received  power  due  to  losses  in  the  long  length 
of  coaxial  cable. 

Measurements  were  made  of  the  E  and  H-plane  patterns  of  the  X-band 
slot  both  in  an  outdoor  antenna  range  and  in  an  indoor  anechoic  chamber 
with  the  same  size  and  configuration  as  the  vacuum  chamber.  This  latter 
setup  allows  determination  of  the  influence  of  metal  objects  which  are 
located  within  the  plasma  tunnel  vacuum  chamber.  Figure  6  shows  the  test 
cone  located  in  the  anechoic  chamber. 

E-plane  radiation  pattern  measurements,  both  in  and  outdoors  of  the 
anechoic  chamber,  were  made  by  traversing  the  receiving  horn  axially 


Figure  5.  Side  View  of  Test  Chamber  and  Model  Layout 
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a  beam  located  above  and  colinear  with  the  test  model.  The  receiving 
horn  was  manipulated  so  as  to  always  point  toward  the  slot  antenna.  This 
orientation  was  accomplished  by  use  of  the  tilting  capability  built  into 
the  traversing  mechanism.  The  results  of  the  E-plane  pattern  measurements 
are  compared  in  Figure  7  and  indicate  that  there  is  no  substantial  dif¬ 
ference  between  the  patterns  taken  outdoors  and  those  taken  in  the  indoor 
anechoic  chamber.  The  solid  curve  shown  in  Figures  7  and  8  are  the  E 
and  H-plane  radiation  patterns  respectively  of  an  open-ended  X-band  wave- 

3 

guide  as  given  by  Southworth. 

Measurements  of  the  H-plane  radiation  patterns,  both  outdoors  and 
in  the  anechoic  chamber,  were  made  by  rotating  the  cone  and  slot  antenna 
about  the  cone  axis  with  the  receiving  horn  located  at  a  particular  axial 
station.  Although  measurements  were  taken  at  a  number  of  axial  stations, 
the  majority  of  measurements  were  taken  of  the  principal  H-plane  pattern, 
i.e.  0=  0°  as  shown  in  Figure  7.  The  results  of  these  measurements  are 
shown  in  Figure  8  and  indicate  that  the  patterns  taken  outdoors  and  those 
taken  in  the  anechoic  chamber  are  sufficiently  consistent. 

At  the  X-band  operating  frequency  of  9.225  kMc,  it  is  possible  for 
higher  order  modes  to  propagate  in  the  Teflon-loaded  guide.  Inspection 
of  the  measured  radiation  patterns  indicates  however  that  negligible,  if 
any,  power  is  carried  in  higher  order  modes. 

A  large  metallic  (approximately  6  feet  by  6  feet)  heat  exchanger  or 
"gas  catcher"  is  located  in  the  rear  of  the  vacuum  test  chamber.  The 
purpose  of  this  catcher  is  to  cool  the  plasma  beam  prior  to  pumping  by  the 
vacuum  system.  The  influence  of  the  gas  catcher  on  the  antenna  patterns 
was  simulated  in  the  anechoic  chamber.  Antenna  patterns  taken  with  the 
stimulated  gas  catcher  in  place  are  also  shown  in  Figure  7  and  8  and  indi¬ 
cate  that  the  presence  of  the  gas  catcher  should  not  affect  antenna 
radiation  pattern  measurements. 
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O  Outdoor  Range 
O  Indoor  Anechoic  Chamber 

A  Indoor  Anechoic  Chamber  -  Simulated  Gas  Catcher 
' ”  E-plane  pattern  Of  Open-Ended  Slot  -  After  Soathworth 


Figure  7.  E-Plane  Radiation  Pattern  Of  X-Band  Slot 


Slot 


O  Outdoor  Range 
O  Indoor  Anechoic  Chamber 

A  Indoor  Anechoic  Chamber  -  Simulated  Gas  Catcher 


— —  K-plane  Pattern  Of  Open-Ehded  Slot  -  After  Southworth 


Figure  8.  H- Plane  Radiation  Pattern  of  X-Band  Slot 
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The  outside  of  the  anechoic  chamber  was  covered  ,/ith  aluminum  foil 
and  the  antenna  pattern  measurements  were  repeated.  The  purpose  of  this 
test  was  to  simulate  the  metal  walls  of  the  plasma  facility  test  chamber 
and  patterns  taken  under  these  conditions  were  the  same  as  those  taken 
in  the  absence  of  the  aluminum  foil  covering.  These  results  verify  that 
the  anechoic  material  will  be  quite  effective  in  eliminating  reflections 
of  electromagnetic  energy  from  the  metal  test  chamber  walls. 

It  might  be  expected  at  X-band  wavelengths  (~3  cm.)  that  the  anechoic 
material  would  not  be  necessary  due  to  the  large  separation  between  the 
slot  antenna  and  the  vacuum  chamber  walls.  This  supposition  was  checked 
by  lining  approximately  75  percent  of  the  inside  cylindrical  section  of 
the  anechoic  chamber  with  aluminum  foil  and  repeating  the  antenna  radia¬ 
tion  pattern  measurements.  Comparison  of  the  results  obtained  for  the 
two  conditions  showed  that  there  was  typically  a  minimum  of  10  percent 
difference  in  the  received  power.  This  indicates  that  the  reflection  of 
electromagnetic  energy  from  the  walls  is  important  even  with  the  small 
wavelength  and  large  chamber  size  employed  in  the  present  experiment  and 
that  proper  precautions  must  be  taken  to  eliminate  just  such  reflections. 
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4.  PRELIMINARY  TESTS  IN  PLASMA  TUNNEL 


Basic  structure  tests  and  microwave  measurements  were  conducted  in 
the  plasma  tunnel  to  check  the  suitability  of  the  basic  test  structure, 
to  calibrate  and  assess  the  performance  of  the  associated  diagnostic 
instrumentation  and  to  test  microwave  instrumentation. 

The  basic  structure  tests  included:  evaluation  of  the  various  pres¬ 
sure  sensors;  a  series  of  measurements  of  electron  density  using  the 
Langmuir  probes;  and  evaluation  of  the  performance  of  the  cone  rotation 
mechanism  under  high  temperature,  low  pressure  conditions. 

The  microwave  measurements  were  made  to  delineate  any  potential 
problem  areas  and  identify  any  particular  phenomena  that  might  require 
more  attention  than  originally  planned.  The  tests  included  measurements 
of  the  breakdown  and  extinguish  power  for  the  X-band  slot  and  determin¬ 
ation  of  the  antenna  power  reflection  coefficient  for  certain  selected 
conditions . 

4.1  Basic  Test  Structure  Tests 

The  tests  of  the  cone  diagnostic  instrumentation  consisted  of  a 
series  of  measurements  with  and  without  plasma  flow.  During  these  tests 
the  gas  composition  (pure  argon  and  argon/air  mixtures)  and  the  power 
input  to  the  plasma  accelerato-  were  varied  over  a  sufficiently  wide 
range  to  cover  the  conditions  to  be  used  during  the  detailed  testing 
program.  Figure  9  shows  the  cone  in  an  argon  plasma  flow.  The  cone  is 
located  at  an  axial  station  such  that  the  nose  tip  is  approximately  two 
feet  downstream  of  the  accelerator  exit.  Measurements  were  made  of  the 
impact  pressure,  axial  and  azimuthal  pressure  gradients  and  of  the 
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azimuthal  symmetry  of  the  ionized  component  of  the  flow  over  the  cone 
using  Langmuir  probes  mounted  on  the  model. 

The  impact  pressure  measurements  together  with  a  knowledge  of  the 
static  pressure  were  used  to  determine  the  free  stream  Mach  number.  The 
Mach  number  was  found  to  be  approximately  0.6  based  on  an  assumed  ratio 
of  specific  heats,  V,  of  1.67.  (Calculations  show  that  for  M<0.7  the 
error  in  using  a  different  value  of  Y,  such  as  1.4,  for  example,  is 
negligible. ) 

An  additional  feature  afforded  by  the  impact  pressure  port  is  the 
ability  to  inject  seed  material  at  the  cone  tip.  Figure  10  shows,  for 
example,  how  air  injected  at  the  stagnation  point  quenches  the  lumin¬ 
osity  (and  also  the  electron  density)  as  produced  by  the  same  acceler¬ 
ator  operating  conditions  without  air  injection  as  shown  in  Figure  9. 

The  measurements  of  static  pressure  at  the  locations  shown  schemati¬ 
cally  in  Figure  3  indicated  no  observable  azimuthal  or  axial  variations 
in  the  surface  pressure  for  all  the  plasma  flow  conditions  employed. 

This  result  is  not  surprising  inasmuch  as  the  subsonic  flow  over  a  prop¬ 
erly  aligned  slender  cone  should  not  cause  large  pressure  gradients. 

The  major  portion  of  the  diagnostic  instrumentation  testing  was 
devoted  to  the  evaluation  of  the  three  Langmuir  probes  located  on  the 
cone  surface  as  indicated  in  Figure  3.  The  evaluation  of  the  probes 
was  concentrated  on  obtaining  electron  density  information  as  well  as 
assessing  the  durability  of  the  probes  when  subjected  to  high  tempera¬ 
ture  plasma  flow  for  extended  periods  of  time. 

The  Langmuir  probe  located  at  the  nose  of  the  cone  is  used  as  an 
index  of  the  free  stream  electron  density  while  the  two  probes  located 
on  the  aft  portion  of  the  cone  were  used  to  determine  the  symmetry  of 
the  ionized  component  of  the  flow  over  the  cone  surface. 

During  the  initial  tests,  all  three  probes  gave  spurious  data. 

These  effects  were  manifested  as  atypical  current-voltage  characteristics 


Figure  10 


Plasma  Flow  over  Cone  with  Air 
Injection  at  Stagnation  Point 
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and  it  was  impossible  to  obtain  reproducible  data.  Previous  experience 
in  this  laboratory  has  shown  that  care  must  be  exercised  to  avoid  contam¬ 
ination  of  the  probe  electrodes.  The  probe  electrodes  were  polished  with 
emery  cloth  and  this  treatment  was  found  to  be  successful  in  eliminating 
■fcjig  spurious  behavior  of  the  two  probes  located  on  the  rear  portion  of 
the  cone. 

The  data  obtained  with  the  Langmuir  probe  located  on  the  nose  of  the 
test  cone  was  particularly  erratic.  fhis  probe  is  exposed  to  the  most 
severe  temperatures  and  also  is  not  as  well  cooled  due  to  its  particular 
construction.  It  was  observed  that,  as  the  probe  was  exposed  to  the 
plasma  beam  for  an  extended  period  of  time,  a  dark  deposit  formed  on 
the  boron  nitride  surface  at  the  base  of  one  of  the  electrodes.  This 
deposit  was  found  to  be  electrically  conducting  and  thereby  increased  the 
effective  current  collecting  area  of  that  particular  electrode.  Indeed, 
probe  data  taken  with  this  deposit  present  exhibited  the  asymmetrical 
current-voltage  characteristic  typical  of  a  single  probe  rather  than  the 
symmetrical  (if  the  probe  electrode  areas  are  equal)  double  probe  trace. 

It  was  suggested  that  this  deposit  might  be  due  to  material  eroded 
from  the  accelerator  channel.  This  hypothesis  was  checked  by  covering 
the  two  probe  electrodes  with  a  piece  of  boron  nitride  and  exposing  this 
assembly  to  the  plasma  beam  for  approximately  30  minutes.  The  conducting 
deposit  was  not  observed  cn  the  boron  nitride  cover  and  it  is  believed 
that  the  deposit  was  the  result  of  treatment  by  the  plasma  beam  of  resid¬ 
ual  oils  left  from  the  fabrication  processes.  The  deposit  was  removed 
frm  the  boron  nitride  surface  by  polishing  and  the  probe  was  subsequently 
performed  satisfactorily  in  all  respects. 

The  tests  of  the  symmetry  of  the  ionized  flow  over  the  test  cone 
were  made  using  the  two  Langmuir  probes  located  180°  apart  on  the  rear 
portion  of  the  cone.  It  is  possible  to  interchange  the  relative  posi¬ 
tions  of  tne  two  probes  using  the  rotation  capability  built  into  the  cone 
and  thereby  eliminate  dissimilarities  in  probe  construction  as  a  factor 
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from  any  differences  obtained  in  the  Langmuir  probe  data  at  a  particular 
azimuthal  location.  Evaluation  of  the  probe  responses  using  this  proce¬ 
dure  showed  that  the  two  probes  yielded  identical  current-voltage  charac¬ 
teristics  when  exposed  to  the  same  plasma  flow  conditions. 

These  tests  also  permitted  evaluation  of  the  rotation  mechanism  under 
high  temperature,  low  pressure  conditions.  The  rotation  mechanism  per¬ 
formed  satisfactor ily  under  all  test  conditions. 

After  it  was  established  that  the  probes  were  performing  properly, 
a  series  of  measurements  of  the  flow  symmetry  over  tiie  cone  were  made. 

The  ability  to  determine  the  flow  asymmetry  over  the  cone  was  quite 
satisfactory  in  that  measurements  with  the  Langmuir  probes,  which  yield 
essentially  an  electron  density  determination,  were  corroborated  by  visual 
and  photographic  observations.  The  cone  was  deliberately  misaligned  in  the 
plasma  flow  and  the  resultant  asymmetries  were  readily  detected.  In 
summary,  the  Langmuir  probes  have  been  found  to  be  a  quite  sensitive  index 
of  the  flow  symmetry  over  the  test  structure. 

4.2  Microwave  Instrumentation  Tests 

A  number  of  preliminary  measurements  were  made  using  the  microwave 
instrumentation.  These  measurements  included  no-flow  cold  air  breakdown 
and  extinguish  powers  as  a  function  of  the  ambient  pressure  and  deter¬ 
minations  of  the  reflected  power  before  and  after  breakdown  in  no-flow 
cold  air  and  also  with  plasma  flow. 

Previously  no- flow  cold  air  tests  had  been  conducted  of  the  break¬ 
down  characteristics  of  a  Teflon-filled  X-band  (RG-52/U)  waveguide  aper¬ 
ture  located  in  a  4-inch  square  ground  plane. ^  These  tests  were  conducted 
in  a  small  Pyrex  chamber  and  with  a  section  of  waveguide  approximately 
5  feet  long  separating  the  magnetron  and  the  aperture.  One  of  the  objec¬ 
tives  of  the  present  series  of  tests  was  to  determine  if  any  gross  dif¬ 
ferences  existed  due  to  the  slight  change  in  geometry  (from  a  square 
ground  plane  to  a  conical  nose  acting  as  a  conducting  plane)  and  also  the 


effect  of  the  greatly  increased  length  of  waveguide  between  the  magnetron 
and  the  nose  cone  (a  change  from  approximately  5  feet  to  approximately 
30  feet). 

In  addition  to  the  longer  length  of  waveguide  which  results  in 
increased  attenuation  of  the  incident  power,  the  electrical  continuity  of 
the  waveguide  system  is  broken  at  a  point  approximately  one  foot  before 
the  cone  by  a  thin  Teflon  sheet.  This  is  necessary  to  prevent  d.c.  cur¬ 
rent  flow  from  the  plasma  to  ground  through  the  waveguide  (i.e.  to  prevent 
the  waveguide  from  acting  like  one  electrode  of  a  Langmuir  probe.) 

Because  the  incident  power  is  measured  at  the  magnetron  rather  than 
at  the  slot,  the  losses  of  the  waveguide  system  must  be  taken  into  account 
to  properly  present  the  data.  These  losses  will  be  included  in  future 
tests  by  comparing  the  incident  power  measured  at  the  magnetron  with  that 
measured  at  the  slot  by  use  of  a  directional  coupler  and  average  power 
meter . 

The  experimental  results  of  the  cold  air,  no-flow  breakdown  studies 
are  shown  in  Figure  11.  The  breakdown  power  is  taken  to  be  that  incident 
power  at  which  the  reflected  power  increases  abruptly.  This  also  coin¬ 
cides  with  the  sudden  appearance  of  luminosity  at  the  slot  aperture.  The 
breakdown  powers  have  not  been  corrected  for  waveguide  effects.  The  pres¬ 
sure  range  covered  represents  an  equivalent  altitude  change  of  from 
approximately  100  to  200  kilofeet.  Also  shown  for  comparison  are  the  pre¬ 
vious  experimental  results  for  the  Teflon-filled  aperture  in  the  4-inch 
square  ground  plane  and  the  results  of  Scharfinan  •  The  Teflon— filled 
slot  on  the  cone  consistently  requires  more  power  for  breakdown  than  the 
aperture  in  the  square  ground  plane  except  for  the  data  taken  at  the  two 
highest  pressures. 

After  breakdown  had  occurred  and  a  plasma  was  visible  over  the  aper¬ 
ture,  further  increases  in  power  resulted  in  an  increase  in  the  area  of 
the  aperture  covered  by  the  plasma.  This  result  is  consistent  with 
previous  observations.^ 
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Typical  experimental  cold  air,  no-flow  results  obtained  from 
measurements  of  the  reflected  power  are  shown  in  Figure  12.  The  incident 
power  is  that  required  for  breakdown  at  the  particular  pressure  and  the 
reflected  power  is  that  measured  with  the  slot  broken  down  by  this  inci¬ 
dent  power.  The  pressures  and  peak  powers  correspond  to  the  experimental 
conditions  given  in  Figure  11. 

The  proper  inclusion  of  the  effects  of  the  long  length  of  waveguide 
will  be  particularly  important  in  measuring  the  reflection  coefficient 
inasmuch  as  the  reflected  signal  undergoes  the  same  amount  of  waveguide 
loss  as  the  incident  signal.  The  magnitude  of  this  effect  can  be  seen 
from  the  fact  that  an  experiment  in  which  the  slot  was  tightly  covered 
with  aluminum  foil  to  simulate  a  reflection  coefficient  of  unity  gave  a 
power  reflection  coefficient  of  approximately  0.4. 

The  variation  in  reflected  pcwer  with  either  an  increase  or  decrease 
in  incident  power  after  breakdown  had  occurred  was  not  studied  in  detail 
in  these  particular  tests. 

When  a  plasma  flow  was  present.,  there  was  no  sharply  defined  break¬ 
down  as  manifested  by  a  sudden  increase  in  reflected  power  for  example. 
Rather,  as  the  incident  power  was  increased,  the  reflected  power 
increased  smoothly  and  at  some  point  during  this  sequence  additional 
luminosity  would  be  observed  at  the  slot.  There  was  no  correlation 
between  the  onset  of  luminosity  and  the  reflected  power. 

It  is  interesting  to  note  that  the  reflection  coefficient  was 
significantly  greater  when  there  was  plasma  flow  over  the  cone.  A  typi¬ 
cal  experimental  point  is  shown  in  Figure  12.  Whether  this  is  due  to  a 
sufficiently  high  electron  density  in  the  plasma  flow,  such  that  the 
plasma  is  overdense,  is  not  known.  However,  these  effects  will  be  system¬ 
atically  studied  during  the  detailed  testing  program  currently  in  progress. 
In  particular,  special  attention  will  be  given  to  the  determination  of 
meaningful  breakdown  criteria  in  the  presence  of  a  plasma  flow. 


Figure  12.  Power  Reflection  Coefficient  of  Slot  Under  Breakdown  Conditions 
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5.  VHF  ANTENNA  TESTING 


5.1  VHF  Antenna  Selection 

The  selection  of  the  VHF  antenna  to  be  tested  during  the  second  half 
of  the  program  is  based  on  utilizing  to  the  fullest  extent  possible 
advances  in  the  technology  of  VHF  antenna  design  that  are  occurring. 

Thus,  the  study  of  an  actual  VHF  jamming  antenna  is  the  most  meaningful 
for  the  purpose  of  the  present  program. 

The  original  antenna  selected  for  testing  is  that  currently  being 
studied  by  Cornell.6  In  response  to  technical  direction,  a  substantially 

7 

improved  version  of  this  type  of  antenna  was  selected  for  testing  in  the 
Litton  facility.  At  the  present  time  detailed  construction  drawings  of 
the  antenna  and  data  on  its  electrical  characteristics  are  being  obtained 
in  order  to  initiate  construction  of  the  antenna  structure. 

5.2  VHF  Electrical  Instrumentation 

The  power  source  for  the  VHF  experiments  will  be  an  "in  house" 
fabricated  2Kw,  balanced  output,  linear  amplifier  driven  by  a  surplus 
50  watt  transceiver.  During  the  previous  quarter,  the  linear  amplifier 
was  designed  and  fabricated.  This  assembly  is  currently  being  tested. 

The  breakdown  and  extinguish  powers  for  the  VHF  antenna  will  be 
determined  from  a  measurement  of  the  power  on  a  Hewlett-Packard  430C 
power  meter  that  is  coupled  to  each  of  the  main  lines  of  the  balanced 
output  through  a  high  power  calibrated  coaxial  directional  coupler  and 
attenuator.  During  the  previous  quarter,  the  high  povrer  directional 
couplers  were  procured  and  are  currently  undergoing  performance  tests. 
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The  VHF  antenna  input  impedance  will  be  measured  using  standard 
slotted  line  techniques.  Two  coaxial/slotted  lines  with  the  capacity  to 
handle  the  high  power  levels  anticipated  were  designed  and  construction 
initiated.  The  slotted  lines  will  also  be  used  to  provide  a  convenient 
phase  reference  for  measurements  of  the  transmitted  field  components  inas¬ 
much  as  the  VHF  antenna  testing  will  be  restricted  to  near-field  measure¬ 
ments  by  the  dimensions  of  the  wind  tunnel,  and  the  particular  VHF 
wavelength  utilized. 

Details  of  the  particular  constructions  of  these  components  and 
their  arrangement  will  be  deferred  until  the  next  reporting  period  where 
they  can  be  discussed  within  the  context  of  more  complete  experimental 
data. 
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6.  THIRD  QUARTER  PLANNED  ACTIVITIES 


Durincj  the  third  quarter,  the  experimental  effort  will  concentrate 
on  completion  of  the  studies  of  the  X-band  slot/cone  model  configuration 
and  analysis  of  the  resultant  test  data. 

Fabrication  and  testing  of  the  VHF  electrical  instrumentation  will 
be  completed  and  the  fabrication  of  the  VHF  antenna  will  be  initiated. 


» 


* 


7 .  REFERENCES 


R.  C.  Warder,  Jr.,  R.  M.  Rosen,  A.  S.  Penfold  and  G.  R.  Seemann, 
'Experimental  Study  of  Voltage  Breakdown  Characteristics  of  Trans¬ 
mitting  Antennas”,  Litton  Space  Sciences  Laboratories  Report  ATD- 
11-67-006,  Quarterly  Technical  Report  No.  1,  Contract  No.  F19628-68- 
C-0001 ,  AFCRI — 67-0687  (September,  1967). 

G.  R.  Seemann,  "Ground  Testing  of  Flush  Langmuir  Probe  Package”, 
Program  Review  Report,  Litton  Space  Sciences  Laboratories  Report 
11-67-003,  Contract  No.  192533,  (September,  1967). 

G.  C.  Southworth," Principles  and  Applications  of  Waveguide  Trans¬ 
mission,  D.  Van  Nostrand,  Inc.,  Princeton,  New  Jersey,  (1950). 

W.  E.  Scharfman  and  T.  Morita,  "Voltage  Breakdown  of  Antennas  at 
High  Altitude”  Proc .  IRE.tVol.  48  page  1881-1887,  (November,  1960). 

M.  H.  Mentzoni  and  J.  Donohoe,  "Admittance  of  a  Slot  Antenna  follow¬ 
ing  R.  F.  Voltage  Breakdown”,  Electronics  Lett..  Vol.  2,  page  459, 
(December,  1966). 

S.  N.  Andre,  "Study  cf  Antenna  Voltage  Breakdown  in  a  Shock  Tunnel", 
(U)  Cornel 1-Aeronautical  Laboratory  Report  CAL  No.  UB-2394-E-1, 
AFCRL-67-0302,  (April,  1967)  (Confidential  Report). 

C.  W,  Westerman,  "Final  Engineering  Report  on  Investigation  of  ECM 
Antennas  for  Reentry  Vehicles”,  Aeronutronic  Publication  No.  S3432. 
Final  Report,  Contract  No.  AF  33(657)-11623,  (December,  1965). 

(Secret  Report). 


Unclassified _ 

Security  Classification  _ 

DOCUMENT  CONTROL  DATA  •  R&D 

_ (Security  claaaitlcatlon  ot  title,  body  ol  abatract  and  Indexing  annotation  mu  at  ba  entered  whan  Uta  o* nraif  Taper!  la  c  Imaaltlad) 

1  ORIGINATING  ACTIVITY  (Corporate  author)  la.  REPORT  SECURITY  C  L  AtiiriC  ATlON 

Litton  Systems,  Inc.  Unclassified 

Space  Sciences  Laboratories  group 

336  N,  Foothill  Road,  Beverly  Hills,  California _ NA _ 

3  REPORT  TITLE 

EXPERIMENTAL  STUDY  OF  VOLTAGE  BREAKDOWN 
CHARACTERISTICS  OF  TRANSMITTING  ANTENNAS 

4  DESCRIPTIVE  NOTES  (Typ9  ot  report  • nd  inclviw  d*f)  -  i 

•  Scientific.  Interim. _ _ 

5  AUTHORfSJ  (La at  n*m«,  tint  name,  Initial) 

Richard  C.  Warder,  Jr. 

Richard  M.  Rosen 
Alan  S.  Penfold 


6.  REPORT  DATE 


7#>  TOTAL  NO.  OP  PAGES 

December ,  1967  33  j  7 

8*  CONTRACT  OR  GRANT  NO.  •«.  ORIGINATOR’#  REPORT  NUMBER^) 

FI 96828 -68 -C -0001  ARPA  Order  No.  ..  n._ 

,  „  ATD-1 1-67-043 

b.  PROJECT  NO.  OV3 

Project,  Task,  Work  Unit  Nos.  Quarterly  Technical  Report  No.  2 

c  1-00-01  86.  OTHER  REPORT  NOW  (Any  other  numbara  mat  may  bo  tool  tied 

DoD  Element  6. 25. 03.01. R  mi.  mporti 

<f.DoD  Subelement  n/a  AFCRL-6P-0086 

10.  AVAILABILITY/LIMITATION  NOTICES 

This  document  is  subject  to  special  export  controls  and  each  transmittal  to 
foreign  governments  or  foreign  nationals  may  be  made  only  with  prior  appro- 
val  of  AFCRL  (CRDM)  LG.  Hanscom  Field,  Bedford,  Massachusetts  01730 _ 

11.  supplementary  notes  This  research  was  lu.  sponsoring  military  activity 

sponsored  by  ihe  Advanced  Research  Air  Force  Cambridge  Research 
Projects  Agency  Laboratories  (CRD) 

_ L.G.  Hanscom  Field,  Bedford,  Mass.  0173( 

13-  ABSTRACT 

The  objective  of  this  program  is  to  evaluate  the  breakdown  characteristics 
of  selected  microwave  and  VHF  transmitting  antennas  under  both  ambient 
(cold  air)  and  simulated  reentry  (plasma  sheath  including  ablation  effects) 
conditions  at  high  altitude.  The  purpose  of  the  program  is  to  provide 
experimental  data  which  will  aid  in  selection  of  reentry  jammers.  The 
power-handling  capabilities,  the  pattern  of  the  radiated  fields,  and  the 
input  impedance  of  selected  antennas  which  are  compatible  with  the  geometry 
of  a  conical  reentry  vehicle  are  to  be  determined. 

The  modifications  of  the  basic  test  cone  model  to  accouodate  additional 
plarma  diagnostic  instrumentation  are  described  and  the  results  of  measure¬ 
ments  of  the  radiation  pattern  of  the  X-band  slot  antenna/model  configura¬ 
tion  u^der  fr-je -space  and  anechoic  chamber  conditions  are  presented.  Tests 
of  the  microwave  and  diagnostic  instrumentation  ii  the  plasma  tunnel  are 
described  and  the  design/fabrication  status  of  the  VHF  antenna  electrical 
instrumentation  is  reported. 


7b.  NO.  OP  REPS 

7 


8*.  ORIGINATOR’S  REPORT  HUMBERTS.) 

ATD-1 1-67-043 

Quarterly  Technical  Report  No.  2 

8b.  OTHER  REPORT  MOfSJ  (Any  other  numbara  that  may  be  aoot+iod 
Otto  report ) 

AFCRL- 68 -0086 


DD 


1473 


Unc lassified _ 

Security  Classification 


Unclassified 


Security  Classification 


Key  wohos 


ROLK  WT 


LINK  B  I  LINK  C 


NOLK  |  WT  |  ROLC  WT 


Antenna  Breakdown 
Reentry  Plasma  Simulation 
Traveling  Wave  Accelerators 
Plasma  Diagnostics 


INSTRUCTIONS 


I.  ORIGINATING  ACTIVITY:  Enter  the  name  ard  addreaa 
of  tha  contractor,  aubcontractor,  grantee,  Department  of  D*- 
fenae  activity  or  other  organisation  (corporate  author)  issuing 
the  report. 

2a.  REPORT  SECURITY  CLASSIFICATION:  Enter  the  over¬ 
all  aecurity  classification  of  the  report.  Indicate  whether 
“Restricted  Data"  ia  included.  Marking  la  to  be  in  accord¬ 
ance  with  appropriate  aecurity  regulationa. 

2b.  GROUP:  Automatic  downgrading  ia  apecified  in  DoD  Di¬ 
rective  5200. 10  and  Armed  Forcea  Industrial  Manual.  Enter 
the  group  number.  Also,  when  applicable,  show  that  optional 
markings  have  been  uaed  for  Group  3  and  Group  4  aa  author¬ 
ised. 

3.  REPORT  TITLE:  Enter  the  complete  report  title  in  all 
capital  letters.  Titles  in  all  cases  should  ba  unclassified. 

If  a  meaningful  title  cannot  be  selected  without  classifica¬ 
tion,  show  title  classification  In  all  capitals  in  parenthesis 
immediately  following  the  title. 

4.  DESCRIPTIVE  NOTES:  If  appropriate,  enter  the  type  of 
report,  e.g.,  interim,  progress,  summary,  annual,  or  final. 

Give  the  inclusive  dates  when  a  specific  reporting  period  ia 
covered. 

5.  AUTHOR(S):  Enter  the  namefa)  of  authorfa)  aa  shown  on 
or  in  the  report.  Entei  last  name,  first  name,  middle  initial. 

If  military,  show  rank  end  branch  of  service.  The  name  of 
the  principal  author  ia  an  absolute  minimum  requirement 

6.  REPORT  DATE:  Enter  the  date  of  the  report  as  day, 
month,  year,  or  month,  year.  If  more  than  one  date  appears 
on  the  report,  use  date  of  publication. 

7a.  TOTAL  NUMBER  OF  PAGES:  The  totrl  page  count 
should  follow  normal  pagination  procedures,  be,,  enter  the 
number  of  pages  containing  information. 

76.  NUMBER  OF  REFERENCES:  Enter  the  totel  number  of 
references  cited  in  the  report. 

8a.  CONTRACT  OR  GRANT  NUMBER:  If  *>propriate,  enter 
the  applicable  number  of  the  contract  or  grant  under  which 
the  report  was  written. 

86,  8c,  ft.  8cf.  PROJECT  NUMBER:  Enter  the  appropriate 
military  department  identification,  such  aa  project  number, 
subproject  number,  system  numbers,  task  number,  etc. 

9a.  ORIGINATOR’S  REPORT  NUMBER(S):  Enter  the  offi¬ 
cial  report  number  by  which  the  document  will  be  identified 
and  controlled  by  the  originating  activity.  This  number  muat 
be  unique  to  this  report. 

96.  OTHER  REPORT  NUMBER^):  If  the  report  has  been 
assigned  any  other  report  numbers  ( either  by  the  originator 
or  by  the  sponsor),  also  enter  this  number(s). 

10.  AVAILABILITY/LIMITATION  NOTICES:  Enter  any  lim¬ 
itations  on  further  dissemination  of  the  report,  other  than  those 


GPO  88S-SS1 


imposed  by  security  classification,  using  standard  statements 
such  as: 

(1)  "Qualified  requesters  may  obtain  copies  of  this 
report  from  DDC." 

(2)  “Foreign  announcement  and  dissemination  of  this 
report  by  DDC  is  not  authorized." 

(3)  "U.  S.  Government  agencies  may  obtain  copies  of 
this  report  directly  from  DDC.  Other  qualified  DDC 
users  shall  request  through 


(4)  'U.  S.  military  agencies  may  obtain  copies  of  this 
report  directly  from  DDC.  Other  qualified  users 
shall  request  through 

I* 

— — - i  --  .  a 

(5)  “AH  distribution  of  this  report  is  controlled.  Qual¬ 
ified  DDC  users  shall  request  through 

- - - - 

If  the  report  haa  been  furnished  tc  the  Office  of  Technical 
Services,  Department  of  Commerce,  for  sale  to  the  public,  indi¬ 
cate  this  fact  and  enter  the  price,  if  known 

1L  SUPPLEMENTARY  .vOTES:  Use  for  additional  explana¬ 
tory  notes. 

1Z  SPONSORING  MILITARY  ACTIVITY:  Enter  the  name  of 
the  departmental  project  office  or  laboratory  sponsoring  (p ay- 
ing  lor)  the  research  and  development  Include  address. 

13-  ABSTRACT:  Enter  an  abstract  giving  a  brief  and  factual 
'  summary  of  the  document  indicative  of  the  report,  even  though 
it  may  also  appear  elsewhere  in  the  body  of  the  technical  re¬ 
port.  If  additional  space  ia  required,  a  continuation  aheet  ahall  ‘ 
be  attached. 

It  ia  highly  desirable  that  the  abstract  of  classified  reports 
be  unclaaaifind.  Each  paragraph  of  the  abstract  ahall  end  with 
an  indication  of  the  military  security  classification  of  the  in¬ 
formation  in  the  paragraph,  represented  a  a  (TS),  (S),  (C).  or  (V). 

There  is  no  limitation  cn  the  length  of  the  abstract.  How¬ 
ever,  the  suggested  length  is  from  150  to  225  woids. 

i4.  KEY  WORDS:  Key  words  are  technically  meaningful  terms 
or  short  phrases  that  characterize  a  report  and  may  be  used  as 
index  entriea  for  cataloging  the  report.  Key  words  must  be 
selected  ao  that  no  security  classification  la  required.  Identi¬ 
fiers,  such  as  equipment  model  designation,  trade  name,  military 
project  code  name,  geographic  location,  may  be  used  as  key 
words  but  will  be  followed  by  an  indication  of  technical  con¬ 
text.  The  assignment  of  links,  rules,  and  weights  is  optional 


Security  Classification 


